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Abstract
Pure Na-A (LTA) zeolite has been prepared from aluminosilicate gel obtained by a mixture of metasilicate and aluminate
solutions. Metasilicate sol; used as silica source; was prepared from an alkaline attack of Tunisian sand in an autoclave under
agitation at 220 °C and pressure of 27 bar. The aluminate solution was obtained by dissolution of aluminium scraps in NaOH
solution. The crystallization of Na-LTA zeolite is controlled by the alkalinity of the mixture and the reaction time. At 90°C, well
crystallized LTA have been obtained after 3h. The Zeolite LTA converts into the more stable HS after long reaction times
according to Ostwald’s law. The alkalinity of the reaction mixture changes the nature of the obtained zeolite. At lower NaOH
concentration (0.1 M), Na-X zeolite was obtained; whereas the crystallization of LTA was promoted at higher NaOH
concentration (3M).
© 2009 Elsevier B.V.
PACS: Type pacs here, separated by semicolons ;
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1. Introduction
Zeolites are microporous, crystalline silico-aluminates with well defined pores structures. The frameworks are
composed of [SiO4]4- and [AlO4]5- tetrahedra which are linked at their corners to form channels and cages [1, 2].
The negative charge on the lattice is neutralized by the positive charge of cations, typically, alkali or alkaline earth
metal ions (Mn+) located within the material's pores. The composition of zeolites can be represented by the general
formula: Mx/n [(AlO2)x (SiO2)y]mH2O. The water molecules are contained within the void space of the structure,
surrounding Mn+ ions and can be reversibly removed and re-adsorbed without damaging the framework. The Si to
Al ratio (y/x) is a significant aspect of the framework composition as it controls, in part, the thermal stability and
catalytic activity of the material. The Mn+ cations are usually exchangeable and can be replaced by a wide variety of
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alkali, protons transition metals, inorganic and organic cations. This fascinating structure of zeolites give them
special properties like high ion-exchange capacity, adsorption and the ability to act as molecular sieves. Sodalite
(SOD) zeolite has the simplest structure among all zeolites; it can be constructed by the arrangement of Si and Al
tetrahedral units (primary building) into secondary building units (SBUs). Those SBUs which are called sodalite
cages or β-cages are formed by the association of simple 4-rings (S4R) and simple 6-rings (S6R). If the sodalite
cages are joined via double 4-rings (D4R) rather than single ones as in the sodalite structure, zeolite Linde Type A
(LTA) is formed. To build faujasite (FAU) structure, sodalite cages are linked to each others through double 6-rings
(D6R) [3].
The synthesis and characterization of the most produced and used zeolite in the industry; Na-LTA was reported
in 1956 [4] by researchers at the Linde Air Product division of Union Carbide. The pore size opening of LTA zeolite
depends on the charge-balancing cations (K+, Na+ and Ca2+). Na-LTA zeolites with pore size near 4Å (called 4A
zeolite). They are largely used for the formulation phosphorus free detergents as water softener [5] and also
considered for alkane/alkene separation [6]. In the case of Ca,Na-LTA (called 5A zeolite), only part of cationic
locations is occupied, and the pore size is near 5Å. They have wide application for air separation for drying of
technical gases and liquids [7-9]. K-LTA (called 3A zeolite, pore size near 3Å) may find relevant applications in
bio-ethanol drying processes, for the production of fuel grade bio-ethanol [10].
Zeolites are usually synthesized under hydrothermal conditions from reactive aluminosilicate gels in alkaline
media at temperatures between ambient and 200 °C and at autogenous pressures [1-3]. The duration required for
crystallization varies from a few hours to several days. In conventional zeolite synthesis, hydrated silicates,
precipitated silica powders and aluminum salts, aluminum wire, metal aluminates are suitable silica and aluminum
sources, respectively [11]. At present, syntheses can be carried out using rather inexpensive starting materials for
example natural products such as clays [12-14], volcanic glasses [15] or low-cost waste product such as coal fly ash
[16-18].
Due to the commercial importance of zeolite Na-LTA, we report in this study the hydrothermal synthesis of this
zeolite from Tunisian sand and aluminum scrap. The attention was paid to the investigation of the reaction
parameters such as the composition of the reaction mixture, pH, reaction temperature and time.
2. Experimental
2. 1. Starting materials
Metasilicate sol used as silica source has been prepared from an alkaline attack of Tunisian sand in an autoclave
under agitation at 220 °C and pressure of 27 bars [19]. The chemical compositions of the sand and metasilicate sol
are summarized in table 1. Two aluminum sources have been used in this study. The first one is an aluminum 1050A
sheet (Al1) and the second is a scrap recovered from turner manufacturing (Al2). Chemical compositions of the two
aluminum sources are reported in table 2. Sodium hydroxide pellets used as source of sodium and to dissolve
aluminum was purchased from Prolabo.
2. 2. Zeolite preparation
Na-LTA zeolite has been prepared by hydrothermal synthesis from aluminosilicate gel obtained by pouring
sodium aluminate’s solution into silicate solution at room temperature (RT). Silicate solution was prepared by
dissolving metasilicate sol. The alkaline attack of the aluminum gives the aluminate’s solution. After total
dissolution of the desired amount of aluminium, the solution was filtered without further addition of distilled water.
It should be mentioned that the qualitative analysis by Energy Dispersive X Ray probe (EDAX) of the black solid
recovered from Al2 shows the presence of: Al, Cu, Fe, Si, Mn, Zn and Na.
As the amorphous aluminosilicate gel forms, it was agitated to produce homogeneous mixture and then heated to
the desired temperature. The solid was recovered after complete crystallization as visibly evidenced by the
separation of an extensive supernatant solution and the settling of the solids into a compact layer of crystalline phase
at the bottom of the bottles. After cooling the bottles to RT, synthesized products were filtered, washed with distilled
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water, until the pH value of the liquid phase above the sediment was 10 and then dried overnight at 100°C. In table 3
are summarized the preparation conditions of the targeted zeolites.
Table 1: Chemical composition of the sand and the metasilicate sol [19,20].
Oxide SiO2 Al2O3 CaCO3 Fe2O3 Na2O K2O MgO LOI*
Sand (wt. %) 94.51 0.63 1.50 2.69 0.02 0.55 0.05 1.69
Sol (wt. %) 20.00 - 0.01 0.01 21.10 0.03 0.00 58.00
* Loss on ignition.
Table 2: Chemical composition of aluminum sources [20].
Element Al Fe Si Ni Mg Mn Zn Cr Cu Pb
Al1 (wt. %) 99.30 0.44 0.15 0.10 0.07 0.01 <0.15 <0.03 <0.01 <0.03
Al2 (wt. %) 95.35 0.85 0.91 0.15 1.95 0.06 <0.15 <0.03 0.80 <0.03
Table 3: Preparation Conditions of the targeted zeolites.
Experimen
t
[SiO2]*
(mol.L-1)
[NaOH]*
(mol.L-1)
Si/Al Temperature
(°C)
Al
source
Time
(hours)
Obtained
zeolite
Z1 0.1 3 1 90 Al2 120 HS
Z2 0.1 3 1 90 Al1 3 A
Z3 0.1 3 1 90 Al2 3 A
Z4 0.1 0.1 1 90 Al1 96 X
* Concentration after the mixture of the aluminate and silicate solutions.
2. 3. Characterization
The identification and the check of the crystallinity of the as-synthesized samples were performed by powder X-
ray diffraction (XRD) on a Siemens D 500 diffractometer operating with a Cu-K radiation. Powder patterns were
collected at a rate of 5°.min-1 from 3 to 60° 2 with a step size of 0.02° at RT. Scanning electron microscope (SEM)
images and electron microprobe analyses were acquired with a Philips-XL 30. Elemental analysis of the prepared
zeolites was performed by atomic absorption at the centre of CNRS in Vernaison FRANCE. FTIR spectra of the
samples were recorded in air at RT using a spectrometer in the range of 400-4000 cm–1 with wafers of zeolite
mixed with dry KBr. Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) were performed
using Netzsch instrument DSC200 at a heating rate of 10° C.min-1 under nitrogen atmosphere. Physisorption
isotherms were measured at 77 K on a Micromeritics ASAP 2010 instrument with nitrogen as probe molecule. Prior
to measurement the samples were degassed for 12 hours at 200 °C before adsorption. 27Al and 29Si MAS-NMR
spectra were recorded on a Brucker 300 MHz (AMX 300) at 78.20 and 58.48 MHz, respectively. The chemical shift
in ppm was obtained with respect to AlCl3 and TMS as external references for Al and Si, respectively. For Al,
measurements were carried out on rehydrated samples.
3. Results and discussion
3. 1. Physico-chemical characterization of the prepared zeolites
XRD patterns of the as-synthesized zeolites are reported in fig. 1. The powder XRD profiles are characteristic of
highly crystalline material showing sharp reflections. Patterns of samples Z2 and Z3 showed all the characteristic
peaks closely matching with the expected for Na-LTA structure [4]. XRD patterns of Z1 and Z4 are relative to
hydroxysodalite (HS) and faujasite structure, respectively [4].
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Fig. 1: XRD patterns of the synthesized zeolites.
The chemical analyses of the products are reported in the table 4. The Si/Al molar ratio of LTA and HS zeolites
are close to unity which is in agreement of those structures. The framework of LTA and HS consist of strictly
alternating silica and alumina tetrahedra yielding a Si/Al =1, the maximum allowed by Lowenstein's rule [21] which
forbids Al-O-Al linkages in aluminosilicates. On the other hand, the Si/Al calculated for the sample Z4 is inferior to
1.5 confirming the synthesis of faujasite Na-X zeolite. Indeed, Breck [1] demonstrated that Si/Al molar ratio varies
from 1 to 1.5 for Na-X zeolite and it ranges from 1.5 to 3 for Na-Y zeolite. Chemical analysis shows that there is no
impact of using Al2 source on the purity of the prepared zeolite since no iron is detected.
Table 4: Chemical analysis of the synthesized zeolites.
Sample Si (wt. %) Al (wt. %) Na (wt. %) Fe (wt. %) Si/Al
(mol/mol)
Z1 (HS) 15.93 15.32 14.87 n.d * 0.98
Z2 (A) 13.41 11.21 10.93 n.d * 1.15
Z3 (A) 12.72 11.32 10.25 n.d* 1.08
Z4 (X) 15.77 10.39 9.92 n.d* 1.46
*not detected
From experiments Z2 and Z4, one can conclude that the alkalinity is an important variable during the
hydrothermal synthesis and can change the nature of the obtained zeolite. At lower NaOH concentration, Na-X
zeolite was obtained; whereas the crystallization of LTA and HS were promoted at higher NaOH concentration. The
longer time required for the crystallization (96h) is due to its more complex structure of the NaX zeolite. On the
other hand, it was pointed out that the synthesis of zeolite Na-LTA depends on the rate of gel dissolution which is
directly related to the high concentration of OH- ions in the reaction mixture [22].
The preparation of LTA zeolite was also confirmed by FTIR spectroscopy in the mid-infrared region. Fig. 2
shows the FTIR spectrum of the synthesized LTA zeolite at 90 °C (experiment Z3). Spectrum possesses four
absorption bands at 1003, 668, 553, and 462 cm-1. The 1003, 668 and 462 cm-1 bands are due to the asymmetric
stretching vibration of internal tetrahedra, the symmetric stretching vibration and the bending vibration modes of T–
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O bonds in TO4 tetrahedra (where T=Si or Al), respectively [23]. The 553 cm-1 band is assigned to D4R which is the
major secondary building unit in LTA zeolite [23]. The band at 1650 cm-1 is attributed to the flexion vibration of
OH group in adsorbed water.
Fig. 2: FTIR spectrum of synthesized LTA zeolite at 90°C (experiment Z3).
Thermal behaviour of the prepared Na-LTA zeolite is reported in fig. 3 TG reveals a continuous water loss
between 100-450 °C which is around 29 wt. %. Accumulated loss between 100 and 200 °C is related to loss of
external, loosely bound water, while losses at higher temperatures are related to the more tightly bounded molecules
in the sodalite cage. The DTA curve shows two endothermic peaks at about 150°C and 385 °C which are attributed
to the dehydration of physisorbed and trapped water molecules in the sodalite cages, respectively. Two exothermic
peaks at about 878 and 937 °C are attributed to the structural breakdown of Na-LTA zeolite and its crystallization to
another structure. According to H. Yamada et al. [24], the two exothermic peaks correspond to the amorphization
and crystallization of carnegieite.
The N2 adsorption-desorption isotherm of Na-LTA zeolite (experiment Z3) is reported in fig. 4. The BET surface
area (SBET) and the microporous volume (μV) of Z3 are 11 m2.g-1 and μV = 0.01 cm3.g-1, respectively. Textural
analysis suggests that nitrogen was not accessible to Na-LTA pore system. According to Breck [1] the sodium
cations located in or near the eight membered ring pores of LTA zeolite prevent the diffusion of nitrogen into these
pores and, thus, no adsorption isotherm could be recorded.
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Fig. 3: TG and DTA curves of zeolite LTA (experiment Z3).
Fig. 4: N2 adsorption-desorption isotherm of zeolite Na-LTA (experiment Z3).
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The influence of hydrothermal synthesis temperature on zeolite LTA crystallization process was examined. The
required time for complete crystallization of LTA vs. the reciprocal of the absolute temperature is reported in fig. 5.
At 60 °C, the required time for LTA crystallization is a 35h. The crystallization time is shortened by raising the
temperature. Indeed, at 90 °C the time required for the crystallization of LTA zeolite is 3h.This result suggests that
increasing reaction temperature accelerates the partial dissolution of the silica and alumina components from the gel
into the aqueous phase and the formation of crystal nuclei within the gel framework.
Fig. 5: Time required for complete crystallization of zeolite LTA vs. reciprocal absolute temperature.
3. 2.Kinetic study
X-ray diffraction has been used to follow the crystallization of Na-LTA zeolite from amorphous aluminosilicate
gel. XRD patterns of the synthesized samples obtained at different crystallization periods at 90 °C are reported in
fig. 6. The XRD patterns of the completely amorphous samples (0 and 1 h) show a broad hump in the baseline
between about 15 and 35° 2. The peak intensities developed progressively as the crystallization period increased
and the fully crystalline zeolite sample was obtained after 3h. XRD profiles of the samples for 3 and 7 h are
characteristic of highly crystalline Na-LTA zeolite. After 48 h, zeolite Na-LTA was contaminated with small
quantity of zeolite HS (peaks at 14.18°, 24.51° and 34.83°). The peak intensities of HS zeolite increase after the
prolonged crystallization period and zeolite Na-LTA was fully transformed to HS zeolite after 120 h. This can be
explained by the transformation of the metastable phase; zeolite Na-LTA to more thermodynamically stable phase;
zeolite HS at longer reaction time. It is well known that zeolite formation is a kinetically controlled process and the
reaction is generally stopped when the desired zeolite has formed. Extended reaction time at high temperature and/or
high pressure usually results in dense phases. This result illustrate Oswald’s rule of successive transformations and
the nucleation and crystallization of the new phase occur in the supersaturared solution throughout the dissolution of
the former phase [2].
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Fig.6: XRD patterns of Na-LTA zeolite at different crystallisation periods at 90 °C
The corresponding SEM photographs of Na-LTA samples at different crystallization periods are shown in fig. 6.
After 1h of crystallization, the amorphous material gradually disappeared as the reaction progressed, and the
apparition of nucleus occurs. After 7h, the amorphous material disappeared completely and well-resolved
crystallites with a uniform size distribution (3-6 μm) having the cubic morphology expected of zeolite LTA appear.
At prolonged crystallization periods (24 and 48 h); SEM images show new large spherule crystals composed of
lamellar which are related to HS zeolite.
The 29Si and 27Al MAS-NMR spectra of Na-LTA zeolite at different crystallisation periods at 90 °C are given in
fig. 8. 27Al MAS-NMR spectra consist of single resonance at 58.5 ppm which is assigned to tetrahedral Al in the
framework Na-LTA. It is also noticed that the peaks of samples at 0 and 1h were broader than those at 3 and 7h
which explain the amorphous nature of the gel. The 29Si MAS-NMR spectrum of gel at 0h shows no signal which
confirms the amorphous nature of the aluminosilicate gel. After 1h of crystallisation a broad peak at around -90 ppm
appears. For longer crystallisation times (3h, 7h and 48h), a single peak should be expected since for LTA zeolite
Si/Al = 1. Indeed, one well resolved peak appears at – 88.7 ppm [25], which corresponds to Si surrounded by four
Al nuclei (Q4 (4Al)).
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Fig. 7 (a): SEM photomicrograph of the gel after 1h of
crystallization.
Fig. 7 (b): SEM photomicrograph of the gel after 7h of
crystallization.
Fig. 7 (c): SEM photomicrograph of the gel after 24h of
crystallization.
Fig. 7 (d): SEM photomicrographsof the gel after 48h of
crystallization.
Fig.8: MAS-NMR spectra of Na-LTA zeolite at different crystallisation periods at 90 °C;
(a) 27Al MAS-NMR (b) 29Si MAS-NMR.
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4. Conclusions
In this study, well crystallized Na-LTA zeolite has been prepared by hydrothermal synthesis from aluminosilicate
gel obtained by pouring sodium aluminate’s solution into silicate solution at RT. Silicate solution was prepared by
dissolving metasilicate sol originating from alkaline attack of Tunisian sand. The aluminate solution was prepared
by dissolving aluminum scraps in NaOH solution. XRD, MEB and 29Si, 27Al NMR-MAS techniques show that at
90°C well crystallized LTA have been prepared after 3h. The Zeolite LTA converts into the more stable HS after
long reaction times according to Ostwald’s law. The alkalinity of the reaction mixture changes the nature of the
obtained zeolite. At lower NaOH concentration (0.1 M), Na-X zeolite was obtained; whereas the crystallization of
LTA was promoted at higher NaOH concentration (3M).
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